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ĪƬưƗƩŵŚƘţƩƺƬºſŜſŚƴƯŵźŢºƟŚŝƹŚºƷºƯŚºƷƾŵƺºƃÎÍ
ƹƿƯŚŤǀƲAšŚƤŤƄƯƹōţŹƶƬưūŻřƱǀŗƺƴǀĨſřǀźƏŻřŶºƿƹŵƢ
ĭƶŤſŵǀƵŶƳźRARƹRXRƩƺƬſŹŵřŹŵƺųšřźŧřŚƷƽƱŶŝ
ºƯƩŚºưƗřƾŶºƴĩƩřţŹžƳřźºţǀŗƺƴºǀºſřĨǀŶƹŢºſƺěŹŵ
ƫƺƟǀźƏŻřƺƯƩƺĪºƿĭƢǀƵŶºƳźŚºƷƽŵƺºųƗºƯƪºưƾŶºƴĩŹŵ
ƶŤƀƷƽĭƩƺƬſǀƵŶƳźƽţŹǀŗƺƴºǀºſřĨǀƶºŝƩŚƈºţřŻřžºěŶ
ƗźƈƴŴſŚěƾţŹǀŗƺƴǀſřĨǀŶŝźºŝřŹŵƺųšřźŧřºǀŚºƤƫřƱĥƱŚ
ƯƾŶƴĩƩřţŹžƳřźţǀŗƺƴǀºſřĨǀŶºƴĤưƷǀřżºƟřŜŞºſƲƿƂ
ŹƺƠƀƟƿſǈǀżƳōƱƺƿƮŚƷƽĩǀŻŚƴƽƔƳǀźĩǀŚƷŻŚƴƽƫƺƬſũŹŚųƾ
ÏƹÎƯƾŵƺƃÎÏƹÎÎ
ţřźĩŹŵǀſƺƴǀŢŚƷƽŢſƺěŚƷŹƺŤĜſŹƽţŹǀŗƺƴºǀºſřĨǀŝŶºǀƱŚ
ƯƾƫƺƟƪƯŚĪţŹŵƹŵƺƃǀưƸƯƂƤƳƺƯƩƺĪƾřřŹƿºƯŚºƠƾŶºƴĩ
ŻšŚƘƫŚƐƯƿŵŚƽƯŻŹŵǀƶƴƽŧŚţǀźţŹǀŗƺƴǀºſřĨǀƹŹŶƽěřºǀƭŹŶ
ƭŚŬƳřƹƵŶƃřƿƵŵŚƯƲřźĩŻƺŤěƺěōŦƗŚŝţǀºſƺƴǀŢŚºƷƽŢƄºĩ
ƿƶŤƟŚěřǀƯƭŹŶƾŵƺƃÎÐƹŹžĪƗźŝƹƽƩƺƬſŚºƷƽěřºǀƭŹŶ
ŹŵƱŶŝŨĪţźŧřǀźƽŵŹřŵƹŚºƷŵŹƹōźƟƽŹŚºŬţƽŹŵƱōƱŚºƯŹŵ
ƌƘŝƾŝŻřǀŹŚưƽŚƷƽŢºſƺěěƶºƴĩōƱƺºĤưƷºǀźƽŢºſƺě
ĮŤųƺſƾƯƵŵŚƠŤſřƾŵƺƃÎÒƹÎÑřŚŝƿºưĩƕǈƏřƩŚŰƴƾŹŵ
źŧřŵŹƺƯƩřţŹžƳřźţǀŗƺƴǀſřĨǀŶƹŹƽƫƺƟǀŵƺºūƹƺºƯƩƺĪ
ŵŹřŵřŹŵřŸƫƿŧŚţƶƘƫŚƐƯƲǀźŢƔƬƛŚƷƽƞƬŤŴƯƩřžƳřźºţ
ţŹǀŗƺƴǀſřĨǀŶƹŹƽŨĪţǀƩƺƬſźŚƷƽƴŝºǀŵŚƽƫƺƟǀƺºƯƩƺºĪƽ
ƁƺƯBalb/cſŹźŝŵŹƺƯƾŢºƟźĭŹřźºƣŚºţŢºƔƬƛźŧƺºƯŹŵ
ƱŚƯŹŵŝǀŹŚưƽŚƷƽŤſƺěƾƆŴƄƯƵŶƃƹŻřōƱŢºƸūƸƀºţǀƪ
ƁƹŹŚƷƽƳŚƯŹŵƾƵŵŚƠŤſřŝƶƪưƗōƿŶ

ƁƹŹƾſŹźŝ
ůǀƵŵŚƠŤſřŵŹƺƯšŚƳřƺřŹŵƿƲƁƺƯŻřƶƘƫŚƐƯƷŚƽŹƺſƽ
Ï ƫřƾÑƶƷŚƯŶƃƵŵŚƠŤſřůǀžºƠƣŹŵšŚºƳřƺŚºƷƽŵŹřŶƳŚŤºſř
ŹřŶƸĮƳƽŶƳŶƃŵƺŝƾƟŚĩšŹřźůƹŹƺƳƽřŹřŵƽŹřŶƸĮƳơŚţř
źǀŧŚţƩřǀţŹžƳřźţŶǀſřĨǀŗƺƴźŝƺƯƩƺĪǀƫƺƟ 
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ƹƾƿŚƴºƃƹŹŢƗŚºſƵŵŻřƹŵšŹƺƇƶŝšŚƳřƺǀůƽŹƺƳƎƿřźƃ
ŵƺººŝƾĪƿŹŚººţŢƗŚººſƵŵŻřƹŵƶººūŹŵŹŵơŚººţřšŹřźººůƽ
ƵŵƹŶŰƯƽÐÔƶūŹŵƾŤƳŚºſƽŶºƃƒºƠůŵřźºĭºƛƹśōƽřŸ
ŢƃřŵŵƺūƹŵřŻōšŹƺƇƶŝšŚƳřƺǀůƽřźŝƾƟŚĩ
ƶºǀůŚƳƱŵźĩřŶūƺºƯƩƺºĪǀƫƺƟŪƫŚºŝƽƱŵźºĩřŶºūŢºƸū
ƶǀůŚƳƹƺƯƩƺĪǀƫƺƟŪƫŚŝƽƵŶºƃƪƿŶƘţƁƹŹŻřƾºƃŚƿŚŝƺĩƽ
ŶƃƵŵŚƠŤſřƱřŹŚĪưƷƹÎÓƁƹŹƲºƿřŹŵƾºƃƺƸǀŝŻřŶºƘŝ
řŚŝšŚƳřƺǀůźţƩƺºƬŰƯƎºſƺţšŚºƳřƺǀůźºſƹšŹƺƇÎÎ
ƺƄŤƀƃƶƤǀƣŵƶſšŶƯƶŝƲƿŵŚŤŝŶƃƵŵřŵƹŻřŶºƘŝŶǀºƃřźţƱ
ŚƷƺƯƶǀůŚƳšŹƺƇƽƪĪƫřŚŝÔÍƾƳƺºƠƗŶºƋƹżǀưţŶƇŹŵ
ŶƃƩƺĪǀƫƺƟƽƹŚůƶĩǇŚŝŜƫŢƟŚŝƹƺƯƽŚƷƁƺºƯƪǀŞſƽ
ƵŶƿźŝŢſřƃŶƹŵƺºƷźƿŻŹŵǇŚŝŜƫŢƟŚŝƲŤƃřŵźŝŻřŶƘŝ
ƪƿźŤſřƎǀŰƯƶƳƺưƳƎǀŰƯŹŵŚƷDMEM/FÎÏƱĥƹźŤƿƺƴƿř
ƾºƴěƽƹŚůƲǀƬǀºſÎÍÍƾºƬǀƯŹŵŶºůřƹźºŤǀƫƱĥƹźŤƿƺºƴƿř
ƲǀƀƿŚƯƺŤěźŤſřÎÍÍƾºƬǀƯŹŵƭźºĭƹźĪǀƯźºŤǀƫƱĥƹźŤƿƺºƴƿř
ƲǀƀƿźţƺƠƯōBÒÍƾƬǀƯŹŵƭźĭƹźĪǀƯźŤǀƫŚưĮǀſƶŝšŶƯ
ŢƗŚſƮǀƳŶƳŶƃƵŵřŵŹřźƣ
ƫƺƬſŢƄĩƾƩƺƬſŢƄĩŚºƷƽůŚƳºǀƶƽŪƫŚºŝºƏƾºƬůřźƯƾ
ŢººƟźĭƭŚººŬƳřÎÔůŚƳººǀƶƽŪƫŚººŝƩƺººƬŰƯŹŵƵŶººƃřŶººū 
ÍÎÍŶººƇŹŵţřººǀŵƪƽººƯōǀřźŤţƲŤººſřǀĨººſřǀŶ(EDTA)ƹ
ÎÏÒÍŶººƇŹŵźţƿƀººĜǀšŶººƯƶººŝƲÎÒƣŵǀŚººƯŵŹŵƹƶººƤƽ 
ÐÔƶūŹŵƽŤƳŚſƾŵřźĭŶƳŶƃƶŝƺĪƳřƩƺƬſŚƷƽŚºŝƵŶºƃřŶºū
ŢƗźººſÎÏÍÍrpmººŝƶšŶººƯÎÍƣŵǀƶººƤźŤƳŚººſƿĥƺƠŶƳŶººƃ 
ƹžĜſǇƿƶƽƫƺƬºſƾřƿŵŚºŬƵŶºƃŚºŝƯºŰǀƎŢƄºĩƍƺºƬŴƯ 
ƵŶƃƹƩƺƬſĨſǈƟŹŵŚƷŚƷƾƿƕƺºƳƱĥǈºĩŚºŝǈŞƣƶĩºƿĨ
ºƃƺěǀŶº ƳŵƺŝƵŶººƃƵŶŢƄººĩƿŶººƴŤƟŚƩƺƬºſººŰƯŹŵŚººƷǀƎ
DMEM/FÎÏƹŚůƽƩřƯŚţƺƬĭǀƲÑÐƯǀƬƾƩƺƯƀºƳřƫƺǀƲ
ÒƯǀŹŵƭźººººĭƹźĪƯǀººººƬƾƫǀźººººŤƀººººĩƺţřźƬĩǀƲÎÍ-Ö
ƷǀţŹƺĩƹŹŶǀƱƹżÒÍƯǀƬƾƯŹŵƭźºĭǀºƬƾƫǀźºŤŶºƃŹŹƺŤĩŚºƟ
ěřǀƩŚƯŹŶÎÍƯŹŵƭźĭƺƳŚƳǀƬƾƫǀźŤƹÎÍŶƇŹŵƹŚºĭƭźºſƽ
ŶƳŶƃƵŵřŵŢƄĩ
ƵƹźĭŚºƷřŹŵºƿŚºƯŻōƲƿƩƺƬºſƂŚºƷƾƿŻƹŹƵŵŹŚºƸģƶºĩŹŵ
ĨſǈƟTÏÒŢƄĩƿƶŤƟŚŶƳŵƺŝźţƿƀĜǀƬěŹŵƹŶƳŶƃƶƴǀŢŚƷƽ
ÓŶƃƵŵřŵŢƄĩƶƳŚųƩƺƬſƹŶƳƶŝŚƷšŶƯºƿŢºŰţƶºŤƠƷĨ
ŧŚţǀŢƣŹźŚƷƽÒÍƫřƾÏÍƶºŝţźţºǀŜÒÍÎÒÎÎÒƹÏÍ
ƯǀǇƺƯƹźĪŹƩřţŹžƳřźţǀŗƺƴǀſřĨǀŶŶºƴŤƟźĭŹřźƣŻŹřºƿŝŚƾ
ƯǀěƺĪſƹźĪƾĥƺƫƺƟŹƺƯƽƫƺƬſƾƹſŹźŝƾƯǀƱřżŚƤŝƽƫƺƬºſƾ
ƶŝƁƹŹMTTƶŝŭźƃŷƿƪƭŚŬƳřŶƃ
ƁƹŹMTTƯǀŚƤŝƱřżƽƫƺƬſƾƁƹŹŚŝMTTſŹźŝƾŶƃ
řŹŵƿƁƹŹƲƶŝŵřŶƘţÏÍÍÍÍƩƺƬſƴŝǀŵŚƽƫƺƟǀƩƺĪƺºƯƽŹŵ
źºƷƶºƳŚųºƿƬěĨºǀŢÖÓŶºƘŝŻƹŹƹŶºƃƵŵřŵŢƄºĩƶºƳŚų
ƩƺƬſŝŚƷƶšŶƯÏÑŧŚţŢŰţŢƗŚſǀŢƣŹźŚºƷƽÒÍºƫřƾÏÍ
ƯǀǇƺƯƹźĪŹƩřţŹžƳřźţǀŗƺƴǀºſřĨǀŶŶºƴŤƟźĭŹřźºƣŻƹŹŹŵ
ƶººƳŚųźººƷƶººŝƭƹŵÏÍƯǀźĪƹƫǀźººŤĬººƳŹÒƾººƬǀƯŹŵƭźººĭ
ƾƬǀƯźŤǀƫMTT ƹŶƃƶƟŚƋřÑŢƗŚºſŚºƯŵŹŵƽÐÔƶºūŹŵƽ
ƾŤƳŚſŵřźĭƹŶƳŶºƃƶŝƺĪƳřƶºƬůźƯŹŵƽŶºƘŝÎÒÍƯǀƫƹźĪǀźºŤ
ŵƽŤƯǀƀĩƺƠƫƺſƪǀĬºƳŹśŸºūƹŶºƃƶƟŚºƋřƶºƳŚųźƷƶŝŶ
ƬěǀŢũƺƯƩƺƏŹŵŚƷÒÔÍǇřƵŚĮŤſŵŚŝźŤƯƺƳŚƳƿřżŶƃƶŞſŚŰƯ
ƹƯǀŚƤŝƱřżƽƫƺƬſƾŹŵƬěǀŢÖÓƶƳŚųƩƺºƯźƟŻřƵŵŚƠŤºſřŚºŝ
ŻƿŶƃƶŞſŚŰƯź
OD Untreated Sample/OD Sample = ÎÍÍ×/X 
ŻŹřƿŝŚƾĥƺºƫƺƟŹƺƯƽƫƺƬºſƾřźºŝƽŻŹřºƿŝŚƾƫƺƬºſīźºƯƾ
ƩƺƬſŚƷĨſǈƟŹŵŚƷƽTÏÒŻřŶºƘŝŶƳŶºƃƵŵřŵŢƄºĩºƿĨ
ƩƺƬſƶŤƠƷźţŚŝřŹŚƷƿƀĜǀźŤƳŚſŻřŶƘŝƵŵźĩřŶūƲƿŵřŶƘţĥƺƠ
ÎÏƷŹŵƩƺƬſŹřżƷƬěźǀƶƳŚųƂƃŢŻƹŹŢºƠƷšŶºƯƶºŝ
ŢƄĩŻƹŹŢƠƷšŶƯƶŝƹŶƃƵŵřŵƿƯŹŵŻƹŹĨǀŰƯƱŚǀƎ
ƩƺƬſŢƄĩŚŝŚƷŢƔƬƛŚƷƽţŹƞƬŤŴƯǀŗƺƴǀſřĨǀƺºƘţŶƿƊ
ŶƃºƳŻƹŹŢºƠƷŻřŶºƘŝǀƯƮǀºƬƾƫǀƹŚºůƩƺºƬŰƯźºŤƽÎÍÍ
ƯǀźĩřƭźĭƹźĪƿŶƿţřƹŪºƳŹƹřƲºǀŶƿŚƯƹźŝƭƺºƿƹŶºƃƶƟŚºƋřŶ 
ÒƣŵǀƯŚºŝŶºƘŝƶºƤǀĪºſƹźĪĜưƫřƩŶºƯŢƴºſŹƺŗƺƬƟęƺºǀŽƺ
ƹŚƈţƿźƽƸţǀŶºƃƶƩƺƬºſŚºƷƽţƺŤěƺěōºǀĨřŹřŵƽƶŤƀºƷƽ
ƵŶƃƶƘƐƣƶƘƐƣƹƮĩřźŤƯƹŤůřźŝƾƩƺƬſŻřŚƷƽŞƏǀƘƾƪºŝŚƣ
ƞŬƳŻƹŹƺƳƵŵřŻƱřŹŚƨưƷƹ
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ŴƄºţǀºƯƆƾŶƴºƃŚŝřŚºŝƱōźºŝƵƹǈºƗºƿºƯƁƹŹƲƾƱřƺºţ
ƩƺƬſŚƷƽōţƺŤěƺěǀƫƹřĨǀƶƶŤƀƷŚŝƽĬºƳŹƮºĩżŞºſƮĩřźºŤƯ
ŚƄƛƹƽſǀưſǈěƺŤƾřřŹƮƫŚſƩƺƬſŻŚƷƽōţƺŤěƺěǀųŚţĨǀźƽ
ƶŤƀºƷŚŝƽƵŶºƃƶºƘƐƣƶºƘƐƣƹŢƴºſƹŹƺŗƺƬƟżºƯźƣƮĩřźºŤƯ
ŴƄţǀŵřŵƆƩƺƬſŚƷƽţƹźĪƳǀƳĨǀŚưŤƯŵŹŻĬƳŹƶŝżƿƶºŝƪ
ƹżƯźƣƿƆŴƄºƯƶŤƀºƷƱŶºƃƶƘƐƣƶƘƐƣƱƹŶŝƹŢſŵĨ
ƯƾƩƺƬſƹŶƴƃŚŝŚƷƽƳƮƫŚſǀƪºŝŚƣĬºƳŹźěżŞºſĬºƳŹƶºŝż
ŴƄţǀƯƆƾŶƃŚŝ
żŬţƿƬŰţƹƶǀƪŹŚƯōƽºŝŻřŶºƘŝƶƯƱŶºƯōŢºſŵºǀŚºƤŝƱřżƽ
ƫƺƬſƾƯǀƱřżICÒÍƶºƯŚƳźŝŚŝƽÍÎÏ Sigmaplot vƶŞºſŚŰƯ
ŶººƃšŚººƗǈƏřººŝƶƁŹŚưººƃŻřƵŶººƯōŢººſŵƩƺƬººſŚººƷƽ 
ţƺŤěƺěōƵŶƳŻǀţƹźĪƳƹĨºǀŝŶºƇŹŵšŹƺºƇƶºŝĨºǀŶºƃƱŚ 

ŚŤƳƿŪ
ſŹźŝƾƁƹŹŚŝMTTŹřŵƺºưƳŹŵƶºƧŹƺƐƳŚưƷÎƱŚƄºƳ
ŶƇŹŵƵŶƃƵŵřŵƩƺƬſŚƷƽƵŶºƳŻŹŵƁƹŹMTTŚºŝŢºƔƬƛ
ÏÍƯǀǇƺƯƹźĪŹƩƺƬſŜƬƛřƹŢſřźŤưĩŚºƷŹŵŢºƔƬƛƽŚºƷ
ÒÍƹÎƯǀƹźĪŹǇƺƯƵŶƳŻƵŶƳŚƯŶƳřŹƺºƏƶŝƹƾºŞƿźƤţŢºƔƬƛ
ÍÐÎtÐÕÎÑƾƬǀƯźŝƩƺƯƹźƨǀƯŻřźŤǀƫƩřžƳřźºţţŹǀŗƺƴºǀĨ
ſřǀŶƽŚƤƫřŜūƺƯ ƫƺƬſīźƯƾŹŵÒÍƩƺƬſŶƇŹŵŚºƷ ƵŶºƃ
Ţſř 














ŹřŵƺưƳÎźǀŧŚţƱřżǀƯŹřŵƺưƳƲƿřŹŵŢƔƬƛƽŚƷƺƬſƽƹŹŶǀſřĨǀŗƺƴǀţŹƞƬŤŴƯƩŢſřƵŶƃƵŵřŵƱŚƄƳƺƯƩƺĪǀƫƺƟƽŵŚǀƴŝƽŚƷ 
ƶƯŚƳźŝŚŝżǀƫŚƳōŻřŶƘŝƽSigma Plot ƱřżǀƯICÒÍ=ÎÑÐÕ ±ÎÍÐ µMŶƃƶŞſŚŰƯ

ººſŹźŝƾĬººƳŹŚººŝƯōººǀżƽźĩōººƿŶƿţřƹƲººǀŶƿŚƯƹźŝƭƺººƿŶ 
ĬºƳŹŻřŶƘŝōƯºǀżƽƩƺƬºſŚºƷƶºĩŶºƃƆŴƄºƯŢºƔƬƛƵŵ
ƯǀǇƺººƯƹźĪŹƩřţŹžƳřźººţǀŗƺƴººǀººſřĨǀŶŦººƗŚŝŻƺººŤěƺěō 
ÑÔŶƇŹŵ ŵřŶƘţŻƿŵŚƽ ƩƺƬſŻřŚƷƵŶƃƹųźŝƾƩƺƬſŻřŚºƷ
ĪƳīźƯŚŝƮƷţƹźǀĨƿŻƹźĪƳŚƽÏÎŶƇŹŵŝŻřǀƹŶºƴŤƟŹƲ
ŚƸƴţŵřŶƘţĩŶƳřƾƩƺƬſŻřŚƷƵŶƳŻŶƴŤƀƳřƺţÐÏŶƇŹŵŶºƴƳŚưŝ
ƪĪºƃÎŹřŵƺºưƳƹÏƩƺƬºſŚº ŝŻƹŹŢºƠƷšŶºƯƶºŝŚºƷ
ŢƔƬƛƽŚºƷÒÍÎƹÎÍŹǇƺºƯƹźĪǀƯƩřĨºǀŗƺƴǀţŹžƳřźºţ
ŶǀſřŚŝƹŶƳŶƃŹŚưǀţƯōĬƳŹƁƹŹǀżƽźĩōºƿŶƿţřƹƲºǀŶƿƭƺ
ŚƯƹźŝºƿŶƩƺƬºſŵřŶºƘţŚºƷƽţƺŤěƺěōƵŶºƳŻºǀţƹźĪƳƹĨºǀĨ
źǀŧŚţƩřǀţŹžƳřźţŶǀſřĨǀŗƺƴźŝƺƯƩƺĪǀƫƺƟ 
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ŚŤƳƹŶƳŶƃƁŹŚưƃƿřŪƿƫƺƬſƁŹŚưƃƲƾŹřŵƺưƳŹŵÏřŹřºƿƶ
ţŢſřƵŶƃŧŚǀźŢƔƬƛÎÍƯǀƹŹźŝŹǇƺƯƹźĪƽƫƺƬºſīźƯƾ
ŝǀƩƺƬſŜƬƛřƹƵŵƺŝźŤƄţƺŤěƺěōīźƯŚŝŚƷǀºŝŻřĨǀŶºƴŤƟŹƲ
ŹŵƫŚůƾƶĩŢƔƬƛŚƷƽÒÍƹÎƯǀƷŹǇƺƯƹźĪǀŧŚºţĢǀźƽƹŹƽ
ƯƹīźºƯºǀƩƺƬºſźŚºƷƽƴŝºǀŵŚƽƫƺƟǀƶŤºƃřŶƳƺºƯƩƺºĪŶºƳř
ŹřŵƺưƳÏ
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ƪĪƃÎŚƤƯƿƶƀƽƫƺƬſīźƯƾŵŢƔƬƛƶŝŲſŚěŹŚƷƽţŹƞƬŤŴƯǀŗƺƴǀſřĨǀŶ
ƝƹźůL , N, APţźţƶŝǀŜlive, Necrotic, Apoptotic cell ƯƾŶƃŚŝ 
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ŹřŵƺưƳÏƩƺƬſŶƇŹŵĨǀţƹźĪƳƹĨǀţƺŤěƺěōƵŶƳŻƽŚƷŢƔƬƛƶŝŲſŚěŹŵƽŚƷÍÒÎÎÍŶǀſřĨǀŗƺƴǀţŹŹǇƺƯƹźĪǀƯ
C D 
L 
N 
AP A 
10 µm 
RA  
10 µm 
RA  
A B 
L 
L 
˹̄5µm 
RA  
1µm RA  
Contro
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ƞŬƳŻƹŹƺƳƵŵřŻƱřŹŚƨưƷƹ
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ŦŰŝ
řŹŵƿſƶƘƫŚƐƯƲǀţƺŤƀĩƺǀƀǀŤƾƫƺƬºſīźºƯƹƾºƃŚƳƾŻř
ŚŝƱŚƯŹŵŢƔƬƛŚƷƽƞƬŤŴƯƩřţŹžƳřźţǀŗƺƴǀºſřĨǀŶƹŹƽ
ƩƺƬſŚƷƽƴŝǀŵŚƽƫƺƟǀƺƯƩƺĪſŹźŝƾŶƃƶƘƫŚƐƯƽřźºŝŚºƯƽ
ƫƹřǀšřźŧřƶĩŵřŵƱŚƄƳŹŚŝƲƩřţŹžƳřźţǀŗƺƴǀºſřĨǀŶƹŹƽ
ƩƺƬººſŶººƃŹŚººƷƽƴŝººǀŵŚƽŹŵƹŢººſřŢººƔƬƛƶººŝƶŤƀººŝřƹ
ŢƔƬƛŚƷƽźţǇŚŝŶƃŹţřźĩǀſƺƴǀŢŚƷƽƩƺƬſŻřƪƇŚůŚºƷƽ
ƴŝǀŵŚƽºƯŹŚºƸƯřŹƾŚºƤƫřŦºƗŚŝƹŶºƴĩƽºƯŻƺºŤěƺěōƾŵƺºƃƹ
ŢƔƬƛŚƷƽŚěƿǀƲŻƺŤěƺěōŦƗŚŝźţƿưƳŻƹźĪƳŚƾŶƳƺƃƵƹǈºƗ
řźŝƿƲƾŞƿźƤţŹƺƏƶŝŢƔƬƛÐÎÑǇƺºƯƹźƨǀƯŹŻřƩřžƳřźºţ
ţŹǀŗƺƴǀºſřĨǀŶƽŚºƤƫřŜºūƺƯ ƫƺƬºſīźºƯƾŹŵÒÍŶºƇŹŵ
ƩƺƬſŚƷƾƯŵƺƃřźŝŚƴŝƿƯƲƾƴģƱřƺţǀŤƳƲǀřƶºĩŢƟźĭƶŬºƿƲ
řźŝŢƔƬƛƽƩƺƬſŚƷƽƴŝǀŵŚƽƫƺƟǀŢºſřƵŶƴƄºĩƺºƯƩƺºĪƹ
ŢƔƬƛŻřƵŵŚƠŤſřŚƷƽƯźţǇŚŝƾƹŶºƴĩŚºƤƫřřŹƱĥŚţŚĩŻŚƟŶƳřƺţ
ŹŦƗŚŝƿƺƯƁżŵƺƃţřźĩǀſƺƴǀŢŚƷƽěřǀŚƳřƺţƭŹŶƾƿƹśŸū
ŶŞţƿƪƹƿƯŚŤǀƲAƶŝÑ-ƷǀƀĩƹŹŶƾţŹǀŗƺƴǀſřĨǀŵřŹŶƹŶºƳŹř
ſǀƭƹźĩƺŤPÑÒÍţŹǀŗƺƴǀſřĨǀƶŝřŹŶÑ-ƺƀĩƹř-ţŹǀŗƺƴǀſřĨǀŶ
ŶŞţƿƯƪƾŶƴĩÎÕţŹǀŗƺƴǀºſřĨǀŝŹŵŶǀŹŚºưƽŹƺƀºěƿŻŚƿž
ƯƵŵŚƠŤſřƾƹŵƺƃţřźĩŻřǀƴǀĭƺƬūŢſƺěƱŶƃƵżǀźƽºƯƾŶºƴĩ
ÎÖƩŚſŹŵÏÍÍÒƶƘƫŚƐƯƽżţƺƟƿƹŹźŝƂƳřŹŚĪưƷƹĨƽ
źŧřţŹǀŗƺƴǀſřĨǀƹŹŶƽƩƺƬſŚƷƽŹƝǈºƛºƿƶƄřƽūŹŚºųƾ
ƫƺƟǀƺƯƩƺĪŵřŵƱŚƄºƳƫƺƟŹŵƶºĩǀƩƺºĪŚºƷƽţǀŚºŝƵŶºƃŹŚºư
ţŹǀŗƺƴǀſřĨǀƯŶǀŝƱřżǀƱŚTGF-âÎŹƺŤĜſŹƹTGFâƕƺºƳII
(TGFRII)řżƟřƿěƂǀºƯřŶƾºƴĤưƷŶºƴĩǀţŹƲǀŗƺƴºǀºſřĨǀŶ
ŚƤƫřŦƗŚŝƽƫƺƟŹŵƱĥŚţŚĩŻŚƟǀƩƺĪŚƷƽƺƯƽƳŚƀƳřƾƯƾŵƺƃƹ
ƺƏŻřƿĭƺºƬūƺƯƶƴţƱŶƃƪǀźƽºƯƾŶºƴĩÏÍŚƷŹƺŤĜºſŹƽ
RXRƹRARěřŹŵǀƫƺƟƹƭŹŶǀŝƺƯƩƺĪǀƯƱŚƾƺƃƳŶÏÎƹ
ŹŵƂƸūRXRáţřźĩǀſƺƴǀŢŚƷƽƫƺƟǀƄěƺƫōŦƗŚŝƺƯƩƺĪƾ
ƯƾŵƺƃÏÏţŹǀŗƺƴǀſřĨǀŹƺŤĜſŹƶŝŶŚºƷƽRXRƹRAR
ƯƪƈŤƯƾŵƺƃƹƯźƔƳƶŝƾţŹƶĩŶſŹǀŗƺƴºǀºſřĨǀŵźºĪƬưƗŶ
ŹŚƸƯƽƹŹƽƺƯŶƃŹƽźƏŻřřŹƱŚƀƳřƿŹƺŤĜſŹƢRARâƶºĩ
ěŚěŹŵǀǈƽƯŹŵƾŝǀƯƱŚƾŵƺƃƯƩŚưƗřƾŶºƴĩÏÐƵŵřŵŚºƷƽ
ƯƱŚƄƳŵƺūƺƯƾƳŚĪƯƶĩŶƷŵǀƫŚºưŤůřƮƀƾřƿŹŵŻƺºŤěƺěōŵŚºŬ
ƩƺƬſŚƷƽƴŝǀŵŚƽƫƺƟǀƱŶƃƩŚƘƟƺƯƩƺĪŹƺŤĜºſŹ RARâŹŵ
řƿƩƺƬſƲŝƹŚƷƶřżƟřƱōƩŚŞƳŵƿŝƂǀƱŚTGFâÏƞºƣƺţŦºƗŚŝ
ŨĪţǀƫƺƬſźƾƯŻƺŤěƺěōƹƾŵƺºƃÏÍƿƶºŤƟŚŚºƷƽřŹŵŚºƯºƿƲ
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ŚţǀƿřŶƿƲƿƶŤƟŚŚƷſŹźŝƾƵŵřŵƱŚƄƳŚƷƶºĩŶƳřŹŵŝǀƳřŹŚºưƾƶºĩ
ƶŝſšŹƺƇǀưŤƀǀĩźţĨǀţŹšŚŞǀŗƺƴǀſřĨǀŹŵŶƿƯŢƟŚƾŶºƴƴĩ
ǈƗƿŹƮƿƺƯƁżƽřƹƵŶºƴĩřźěºƿŶƿţŚěƺǀĨƹƺƬƟřƱĥƺºƬţºƿƺƭ
ºƯźƷŚºƓƾŵƺºƃÏÑºƟźƏŻřƾŢºƔƬƛ ºƿĨƯǀǇƺºƯƹźĪŹ 
ƩřţŹžƳřźţǀŗƺƴǀſřĨǀŶŻŵźŝŹŚĩƿŵŚƽƤŰţŹŵǀƹŵŹřŵšŚºƤ
ƯźƔƳƶŝƾŚưţŦƗŚŝŶſŹƿƠƬŤŴƯƕřƺƳřżƾƩƺƬſŻřƯŚƷƾƹŵƺƃ
ųřǀŻřƱŚƤƤŰƯřźŢƔƬƛƿĨƯǀǇƺƯƹźĪŹƩřţŹžƳřźţǀŗƺƴǀĨ
ſřǀŶŚưţŢƸūƿƳƹŹƺƳżƾƩƺƬſŚƷƽƴŝǀŵŚƽěǀŢºſƺěŻŚºſƂ
ÏÒƵŵźĩƵŵŚƠŤſřƴĤưƷƹŶƳřǀưƷŻřƂƳřŹŚĪưƷƹƹřŶưƯƲǀƲ
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ƵŵŚƠŤſřƮƷƵŵźĩŶƳř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ƳŚƏźſƾƯƱŵźĭƹźſƹƱřŶưŴţƾŵŵźĭ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ŤůƹƾŚưţšřźŧřŢſřƲĪưƯƿżƽŶƃŚŝƶŤƃřŵ
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ŤƳǀĭƶŬǀźƽ
ŚºŤƳƿřŻřƪºƇŚůŪºƿƤŰţƲºǀºƯƱŚƄºƳƢƾŧŚºţƶºĩŶºƷŵǀź 
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ƱƺĤưƷƿƯĨǀǇƺƯƹźĪŹŧŚţǀźƽƹŹƽƫƺƬſīźƯƾŚºƯřŵŹřŶºƳ
ŹŵŢƔƬƛÎÍƯǀǇƺºƯƹźĪŹźţǇŚºŝƹƫƺƬºſīźºƯŦºƗŚŝƾƶºŝ
ŻƺŤěƺěōšŹƺƇŹƹƿƺƯƁżƯƾŵƺƃ

źĪƄţƹźƿŶƤţ
ŶƴƀºƿƺƳƯƱŚĭƾºƯƭŻǇŵƺºųźºŝƶºƫŚƤŻřƶºĩŶºƴƳřŵźºŤĩŵ 
 
ƫƺƬƸŝśŚƸƃƾŵŚƷźŤĩŵƹƽěǀźƽǀƷƽŚƌƗřƶƷŚĭƹŵŚƾưƬƗš
ƯƹƽĥƺƫƺĩŚƯŹŚƟƵƹźĭǀſŚƴƃśƹźĪƾĪºƃżěƭƺºƬƗƵŚĮƄƳřŵƾ
ŝŵŹřǀƶºƘƫŚƐƯƲºƿřƭŚºŬƳřŹŵƽŹŚºĪưƷƹšŶƗŚƀƯźƏŚųƶŝƪ
ŶƴƿŚưƳƾƳřŵŹŶƣřƿŤưƀƣƪƇŚůƶƘƫŚƐƯƲƾƤŰţŭźƏŻřǀţŚºƤƾ
ŢŞŧƵŹŚưƃƶŝƵŶƃƽÕÖÐÒÍƯƾŶƃŚŝƺƳƹƿƷƱŚĭŶƴƀǀĢƶºƳƺĭ
ŶƳŹřŶƳƖƟŚƴƯŹŵƉŹŚƘţ

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Background and Objective: Hair follicle stem cells are multipotent, located in the bulge area, and are 
highly proliferating. Retinoids have an effect on epidermal differentiation and keratinization. Retinoic acid 
is used to treat some skin diseases such as Melasma, Acne and Ichthyosis. So, the study of all-trans retinoic 
acid effect on hair follicle stem cells and determination of the effective concentration of retinoic acid on 
hair follicle stem cell survival seems to be essential. 
Materials and Methods: In this study, we isolated and cultured hair follicle stem cells derived from Balb/c 
mice Whisker follicles. Then, the cells were treated with different concentrations of all-trans retinoic acid. 
0.5 to 20 µM of all-trans retinoic acid was used to evaluate inhibitory or proliferative effects. MTT assay 
was used to evaluate cytotoxicity of all-trans retinoic acid. To investigate cell death and survival, we used 
acridine orange/ethidium bromide staining method. The results were analyzed by fluorescent microscopy. 
Apoptotic and necrotic cell numbers were counted using Image J software.  
Results: Results indicated that apoptotic, rather than necrotic, cell death was caused by 10µM and higher 
concentrations of retinoic acid. The IC50 value determined by the dose response curve was found to be 14.3 
µM. 
Conclusion: Results of this study indicate that if hair follicle stem cells expose to high concentrations of 
all-trans retinoic acid, the cells may undergo apoptotic or necrotic cell death Therefore, higher 
concentrations of retinoic acid can be used to eliminate redundant hairs and low concentrations can be used 
for the treatment of skin diseases. 
 
Keywords: Hair follicle stem cells, Retinoic acid, Apoptosis, Necrosis 
